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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method of manufacturing a superconducting wire which improves critical 
current density. 

SOLUTION: This method includes a step of filling precursor powder of a superconducting phase in a metal pipe, and 
applying at least one process of plastic forming and heat treatment to the metal pipe to obtain the wire, and a low 
oxygen heat treatment step in which the wire is heated at a temperature lower than the above heat treatment 
temperature and in an atmosphere of oxygen lower than air. 



[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 




LEGAL STATUS 



[Date of request for examination] 



22.06.2004 



Copyright (C): 1998,2003 Japan Patent Office 



» 

http://www19.ipdl.ncipi.go.jp/PA1/result/detail/main/wAAALIaq5zDA415203532P1.... 04/10/01 



<19)B#S#f)F/f (JP) 



< i2 > & m 4# ft ^ 41 (A> 



(ii)»IWiiK&&l§# 
#582003-203532 
(P2003 - 203532 A) 

(43)&|| B ¥J&15*£ 7 /! 18 B (2003. 7. 18) 



(51)IntCL 7 
H 0 1 B 13/00 
12/04 



5 6 5 
ZAA 



F I 

H 0 1 B 13/00 
12/04 



7-72-:- 
565D 5G321 
Z A A 



»*E(0&13 OL (£: 7 K) 



(21) 4$ffi2001 -401426C P2001 -401426) 


(71)HMA 


000002130 








(22)tJHffiB ^13^12^28 B (2001. 12. 28) 




:ttBJ^Rtt**Ktt«BHTB 5^33^- 




<72>«9» 


»« MR 










(7»5W» 


tun 
















(74)ftgA 


100100147 






*3B± 0J1QF 5£ OH*) 








(54) j@^l»»(7>§eS^fe 






C57) [f?fa] 













1 

[19*31 1 ] mwm^^mmw^^R^ * 

a»H«tc r 89 E»t* *inJ»r * ©g?sg&MSXfi 4 * 

C 4 £^ ® 4 T & fl«3Hatt <MB&fr&. 
[ ifrsjai 2 ] By IS{gI£gt IS^III cc 3 «L HSK 
#750T:&±8l5'CfeJTT* ^Ci 4 ^>»5»S 1 
Ki2»<Z)S®**t»©§^^. 10 

CCD? b4 3 ©Bi2223*@<D£^id^#92%tn r T 
C 4 £43® 4-T *»#31 1 -SCD^Tn^CClBtSO 

[f»*3H7 ] f>ria^ h*©Bi2223fl©^R5E«l 
£#9C0**»T * £ C 4 4 T S 6 CClBtgCD 

] B12223tB©^»te#92%«TT*S«t: 

75o'cj£Lh8i5-cttT©afi"c k xscmm&T<Dmmm^ 

^'C^-^T, 40 

[mm 1 1 3 i&mmwmmcxmmmr zmo&m 

WHtttt. Bi2223l : iCD^xf!l^92%J^Tr^)^>C4^: 
ST^-^t, 50 



^§§2 003-203532 
*> 

1 3 3 {sit^gmccT&a^-r zm&mm 

[0 0 0 1 ] 

ji^ccMrstcDr*^. ^tc. KjwssMBg oc) 

[0002] 

IVZlfrDmffi] >U #-4>*~-7mc£ 9Bi2223tS 

& 4*©K{fc^ffla«#^SR<D^-^tm«cc^jsr * 

n6 2 0CD^14ttlX4«^iMt3:. liLaMftott^ 
[0 0 0 3 ] 

[0004] KaB««w«t». mm* * s ^ 

7'a-fex. EE52^fr, DWffiSftfrtet*, ±r©««jfefr 

[ 0 0 0 5 3 a«WJ»t*OJc<0l*±(Ctt. (D-7-V7y> 
h^CDBi2223tBOfJj^«r^±$'ti5 (Wlfb) . ©Bi22 
23t|CO^a S B^Og2f^t*^^± $ S k <3>Bi 22230j^ B B B fi 

i5]±os^^^ r&3± ?^ci ftsjtMitt 4 * a ^> n Z> o 

[0 0 0 6 ] Bi2223tlO[)*ffi{tCC«. *HttSW«:tt < 

[0 0 0 7 ] 4 C 5^. S£*0^:Sl»HaTCC*5^-5)2 
[0 0 0 8 ]8^or, *»IBOS@Wti, Jc^r[S]±$i± 



3 

[0 00 9] */c. *»5B©ffiOS99li. 3c*;fa±£# 

[ooio] *§zm<D%ii<Damz* jc*rsj±s 

* 

CO 0 1 1 ] 

[0012] -rfct^, xmimmmmtvwtjim 
[0013] fi^^MBu^^ccfe^T, mmt 

{Left. o6tc«^ ^ 7>>h07^i7n^7-^^ 

ft±£ft&&<D<^$j;*ftoo 

[0 0 14] KTF. #»B*J:9»0<ta93T5. 
[0015] (jlJW»3fc£^^^) J3a*sM»5S&c«. 

ns«k Steffi* L//c»**«»jBr*)S. c 

[0016] . *»WKlBi2223*ffl»«»t5*«:» 

W^f^CCiiBi^, PbO. SrCO,, CaCO, . CuO 
£EH>&o Cft6f»;££70O-870'C, 10-40B?KL *M 

CCOcfc ^ CrftBCCj: ^ % Bi2223tBcfc: 0 fcBi22i2tB#£f* 

[0017] rgrttttfcfflJSJtte:. Bi.Pb.Sr.Ca.Cu.Ta-^ 
b: c : d : e=1.7— 2.8 : 1.7— 2.5 : 1.7—2.8 : 3£?Sfc 



(3) 4$S3 2003-203532 

4 

f b©^$t^l^. cp-rbBi^/c^BiH-PD : Sr : Ca: Cu 

-2:2:2: 3^^itoM^r^o 0 Bi 

!£l.8ft)2L Pb!*0.3— 0.4, Srii2rt£, Ca!£2.2ttj£. C 

[0018] ^iR^v^M36ttrsf&*«. 

[0019] #Jg'W ^©tmi Ltlt aq. Cu. Fe. 
10 Ni. Cr. Ti, Kt>. W. PC Pd. Rh. Ir. Ru, OsJ: 0 SiR 

[0020] <a«£jnx) M&finxcci*. m*<Dmwm 
x. ^uxflox. x^*-^fe<b'^tfe>noo 

[0 02 1 ] ffl^I*— Kl,JMT*>*rtr»»S. ffltsun 
X©*f*WrtSil/-CB. (DJK»»5R*3fi5aiOfc*IR^ 

20 KttS:Kfer»AL//c^JR-'W^ , €:«ffi»OXLT^ 

#S*ftS. ^^^6x-^Wctt3XToOt3:. ^: 
»WCcJBffi $ ft £&«^tt4>t£a0la] # £ fiax. o /c«J> 

[0 0 2 2 ] ^ffiJDX«:2^T^t§^, -^ttSDXtC 

30 w<DUnx##*ft©. — ^mi*^axcctjWo«K^«2o 
-xmmicj: osisr^fiss n/c^^^f^ urn l . ?g 

[0 0 2 3 ] (MAS) »*affl«. 
TBi2223tg^<b'CD®««ffl%Sfi3c$1i-oCi^@W<b L 

r^ftoo — Msyaatt. £<t u-CBi2223ti^i'©e 

■«ftH±**HK:j*^3-ii*fc«e)K:|f ^. 
[0 0 2 4] ifflgsStt. — JKKfcaa • x;x«iMSfttc: 

8i5*CJB860 # CtlT<t-roC i3W»*L/t». cfc 0^$b< 
ti830'C-850'CfiSr^)O o ^tc. — XM%}MZmo-C 
6Lb850"C«Ti -;X»fflffi^830-Cia±840-CWT 

50 lr\ 



(4) 

5 

[0 0 2 5 } &^B$Rgw:. —xmsm • r.xmm&trc 
[oo26] sh*«\ -xmum • 

[0 0 2 7 ] ((S®««*iSffOSt*) fi®afStoSHy 

tiCD*fi£a^92%feiTr*5Ci^$?$Ol^ iDW 
[0 02 8 ] »ifi-r^KR^6?8^«:<fc5K: % ffiKSR 

BWffiaf50MH5jCCfcl»T. *7 hOBi2223t t SOfO 

7 * 7^ > r*OBi2223tg©£j£ifr£ 

cD^SttcJ:^, ®B^*B^S«FCC*Siet§^SJ^L, Bi 
2223fflOf3^T -;^U *fttt©J»^«r^b3tl, ^ 

[0 0 2 9 ] /:/cL. &i2223fB©*B£*d^©TK»70% 

[0030] (ismmmm) cvmamtrnt*. m 
■obit. $ 6tc*?£ 0 < tt78o-cu±8iov\iiT*vmmm 

Bi2223f@##8?T£4>©£^B£ia£ 0 fc/a, *2:SBS 

£ I, < ttiof*»%«T®#B«CCTiT5 C L 
l». M*«S©TB&*3#»%&£T*£ B 40 
[0 0 3 1 ] C»«iW»»0[)ffiffl^ffi • a®S«iie>» 

[0 0 3 2 ] $ **WS8«a»««OSJig*ffi«. 

- ^«sBs«3St*^i**tcc«i5| l r $ /c»?at)#r asm 50 



1#H 2003-203532 

D 

[0 03 3] Itf^b/c^ «C. a®g3S?*2:{£KSR^ffi 
[0 034] 

■r*. (SHSRj»ffla%*Bb/ca«»«»«:f^»i/. 
[0035] <mm(om^> rmi»»^©iBa-K»» 

^Xfi^C J: 0 »6tl/cBi2223f— ^St#tC^*J»«5 

ji«tMt 0 fit, im&mm*mrm&-cict>iT v 

[0 0 3 6 ] <V >7';l/>-^»i^*rOSPttcfeW 

-5 Bi 22237— -?mt<b*r Axt ftmmm&tm u & ^t* 

(D/^Ma: if^X-rtJ3.9nmXJl0.24nim: Ic= 95A (Jc=2 
8.5kA/cm* ) 

©jfiMvTB: if-f X---rt7 3.7rrmX^o.20mm : Ic= 79A (3c=2 
SkA/cm 1 ) 

(3>5^WC: 1f^X-ltl3.5mmX^O-20mm: Ic= 77A ( Jc=2 
SkA/cm' ) 

@^WD: If ^X---rt34.1mmXil0.22mm: Ic= 95A Oc=2 
8kA/ai? ) 

[0 0 3 7 ] S/c v rMRafflStoaBtCteWSiBS 
ag:7 ^ ^> > hp^CDBi2223tgCDf(J^ ; E:SEM (Scanninq E 
lectron Microscope) SESCC «fc C©S4^ 
tt, 1000f^CDSEM^K (5*If?) tCfel^T. ^^^>>h 
P^OBi2223t : a<i:f CD^O+aCDBS^*^. Bi2223t@<D® 

(D^0A: Bi2223tB<DW^-89% 
Oj^Wb: Bi2223fflOa^— 85% 
<2>mttC: Bi2223tg<D§{j^---92% 
®mtt0: Bi2223tg(Dfl]^ '-88% 
[0 0 3 8 ] ««A—rtiy:©J:^tCUr^lSU/c. Bi,0 
3 , PbO. SrOO,, CaOV Cu0CD^&5f^%i. 81 : 0.40 : 1.9 

8: 2.20: 3.oi(DHj^rcig^rr&o ^-^©TK^^m^ic 

T700*CX8B#rav 800"C x ioB#r^ . 133Pa (lTorr) <D$k 

E^fflmtc&oT 76o°cx mmcommmzmMr *> . s 



(5) 



tltc&JZ £ e 6 CC 84 5'C X i2B#Ra <Dm$m L T Kf4«* 
STS. FS£6a#jgfcT*Hl25iiiiu (*9§22mm£> 

t*. m% titty-- y'imM^^mmc ~c sao'c- s 
so p cxs(«FPdi©— ^ja«is%isr. -asffiigof- 

so'cx 5<mrd\^±simr$<D- xMumtiisT* 

[0 03 9 ] (XRi) ®fefA£/B<r>T, BSra^r-Si L 
[0 04 0) CffiMMftKHftflO 



10 



2003-203532 

8 

iflS : 78(>*- 83 rc 

[004 1 ] CIS*) fiKR^ffiffi^frirajajaaso 

(C. 780*C^6815 - CCDi^®ffltC^C^TlcOro]_£:^S2«t) 

6h/- c COIS^. iSi^Ml^ISi £ LTK. 7S 
IWTtt7«rc*fiK3l»«aOTHibfc^ B12223 

[0 04 2] 
[«1] 





B 1 222 3 




77K 




lc ! 


lefct 


Nq 






00 1 


(X) 






<£0 a (8%) 


78(TCX50l! 


97 


103 






<£0,(8%) 


790T2X501i 


100 


106 


K 




teO, (89b) 


800*CX501l 


100 


105 




89% 


6 0,(8%) 


8i0rx60k 


97 


102 


A 




©0 2 <8%) 


8l5t:x50h 


96 


101 






! {£0 2 (8%) 


825lCX50h 


69 


73 






I <gO r (8%) 


835T:X50h 


24 


26 



[0 04 3] (3SR2) «»/*H^r. iag*—£<b 0 

[0044] cffiMR&ffia&flo 

tiM : {g^£#JE#Km (Nj : 92#ff%. a : 8&m 

%) 

SS : SlO'C 

B#fH : 5O^2008#F^ 

[0045] cam:) wRfm&w&fttmm&m&v 



cj t^ttl^. S2*j<fcO*Bl2^e»W6* j a<f:^tC % 5 

[0 04 6 ] 
[*2J 



81 

Na 


812223 OffUg- 


Sfr 91 flfc 01125 & & 


77K 






Ic 


Icfcfc 






(A) 


(«) 






<£D 3 (8%) 


8iot:xsoh 


96 


101 


A 




<£0 S (8%) 


810T:X65h 


97 


102 


89% 


<S0 2 <8%) 


8l0t:x85h 


98 


103 


(&0,(8K) 


8iot:xnoh 


96 | 103 






<E0,(8%) 


8LD*CX150b 


95 


100 






&0 S (8%) 


810*0X2001] 


70 


74 



[0 04 7 ] (SIR3) «t*B. C WT^ 
T^-*mMm^<< )\s<DW8ZkfrT (20K- 3T) CCte 

W <£> left 6 CftcJRft^KlHIlgS 0 ©seBjBg#«ififflE3e 



[0 04 8 ] Cfi^lftM^fr] 
SS#B^ : f£^^E^ffim (1^ : 92(*m%, 0, 

: 720^82 5*C 



8 



50 



(6) 



[004 9] 77KOIC. IcfcL 20K - 

3X<DIc. Jete^tfa : 7710^ 6 2 OK - 3T^CT)IcT ^£ 



2003-203532 
10 

[0050] 
[«3] 



# 

No 


BI2223 CD«)^ 




77K j 20K-3T 


Ic 
(A) 


lc it j Ic 

(K) ! (A) 


Jc 

(kA/CB 1 ) 


o 

(20K/77S) 


9is ( fisrxB$ra 


& 

B 




{£0,(836) 


72<rcx$0h 


73 


93 






«O s (83W 


790C x 50h— 71(TC x 30b 


85 


108 








795T:X60h-> 745T:x50b 


85 


108 > 






<£0 2 (8%) 


80ETCx60b 


85 


113 i 200 


27.7 


2. 25 I 








1 


« 

■ 


C 


92% 


&0 2 (8SK) 


80tTCx75b 


7S 


103 




i 
1 




825"C X 25b— >80(TC X 501 


76 


99 




1 

» 












} 

I 


» 
D 


88% 


eo 2 (8%> 


80tTCX501i 


105 


lit 


223 


25.7 I 2.12 


& 0,(8*0 


80FC X 50b 


104 


109 




I 


eo 2 (8%) 


8ircx50h 


98 


104 




1 


<K0 C (8%) 1 805t:x80]l 


105 


III 








<K0 S (8X) 800t:x80i 


106 


111 








<£ 0,(836) 


8l0rx80b 


104 


110 








{£0, (8%) 


sis'cxsoh 


103 1 108 












! 









[005 1] C77Kte*$W5*S*:) a3*»&IB6JMc«fc 

SMB^Ol^^, 79A*»6*^C89AN*J±U igftOCO 

[0 0 5 2] C20K- 3TrtCfcW-5>ft*D i^WBCCOliT 
12. 167A#>6200A^IC#ft±l,Tl^£ o 77K#>620K- 3T 

^©IcT*:/* (a) tt. fflM*l»«ia«rcD2.i2^62. 
25^fr_bL</c. 

[0 0 5 3 ] «»DfiCOtiTtt. 171A*>6223A^Ic*«raI 30 
iLtt^. 77Krt>6 20K- 3T^CDlcT^^*¥ (a) 
KM^«aW©1.803&>62.12^l*J±l/fc. 

[0054] c©3i»tt*j:o. snsHMea. rtzt> 



[0 05 5 ] {S^aMtaSfSOlcT v (5 

^J^SSuCDBi2223tBCOS(I^90%ctO *>/JnSI>1M4 
B. DrCWBT**), 0«^3&«92%i^*t»»ttCl3:r 

S^»JSS%T^POi^WOBi2223tB©^flte*i92% 

IcT ^ ^S«8L^e)»* 0l> C <fc#*W! b 

/Co 

[0056] 

[ 0 0 5 7 ]fi£oT, rtiJR(DS«aMR0(C»OT«>(SM 
[B2] fi»*l^iIB#ffliIc<tOBB«*^-r^^7T 



RS§ 2003-203532 



[0 1 ) 



[02] 



120 
110 

too 

90 
80 
70 
60 

< 

s « 

40 
30 
20 
10 
0 



— 



110 



100 



90 



w 90 

o 



70 



BO 



50 



• «3C3o 



1 












0 


so 


100 


160 


20 



770 



780 7M 800 81D 

fimtUDU£CC:nna50h3 



830 



840 



^RmifcTEKAB—TS 1 # 3 



£2t 



F £ — A (#3*) 5G321 M05 AA06 BA02 CMS DA02 

DA03 DB18 DB46 DB47 



